Recent empirical work suggests a predictive relationship between stock returns and output growth. We employ quarterly data from a panel of 27 countries to test whether stock returns as useful in predicting growth. Unlike previous research, our approach allows for the possible non-linear effect of recessions on the growth-return relationship. There is strong evidence to suggest that a linear model would be misspecified and provide potentially misleading inference. Using a switching regression approach, we find evidence that returns are most useful in predicting growth when the economy is in recession.
I. Introduction
The search for variables that have predictive power for aggregate output has a history in macroeconomics dating at least as far back as the NBER's pioneering efforts in the 1930s. Economic series associated with the early stages of the production process are often used in this context (Boehm and Moore 1984) . However, there has been increasing interest in the use of financial variables to anticipate changes in aggregate output.
Three commonly used financial variables used for this purpose are the term structure of interest rates (Estrella and Hardouvelis 1991) , the spread between the interest rates earned by commercial paper and Treasury Bills (Bernanke 1990 , Friedman and Kutter 1991 , Kashyap, Stein and Wilcox 1992 and stock market returns (Moore 1983) . Both the term structure and the paper-bill spread are affected in a systematic way by monetary and fiscal policy initiatives and therefore provide a signal of changes in stance by policy makers. Blanchard and Fischer (1989 pages 532-536) , for example, outline a modified IS-LM framework which incorporates financial assets having different maturities. They show that both anticipated and unanticipated policy measures impact on the spread between the short and long-term interest rates.
The paper-bill spread is also affected by policy changes. In models featuring equilibrium credit rationing, for example, a tightening in monetary policy increases the proportion of firms denied credit (Stiglitz and Weiss 1981) . To obtain finance, these firms must then issue commercial paper. This results in a widening of the spread between the returns on paper and Treasury bills.
Although clearly of importance for future macroeconomic activity, policy decisions are not the only factor that can affect aggregate output. Stock prices are systematically affected by any factor that bears on the expected future profitability of firms and may therefore have advantages over interest rate based predictive variables that respond primarily to fiscal and monetary policies. Lougani, Rush and Tave (1991) , for example, argue that the inter-industry dispersion of stock prices, brought about by the existence of expanding and declining industries in a time of transition following taste or technology shocks, can predict changes in future economic activity.
More generally, there is considerable evidence of movements in stock prices leading the business cycle both in terms of predating peaks and troughs. Moore (1983, Chap 9) reviews and interprets evidence on the US stock market from 1873 through 1975 as a business cycle indicator. Writing in 1975, he noted that since 1873, stock prices had led the business cycle at eighteen of twenty-three peaks and at seventeen of twenty-three troughs. For the post World War II period, the only instances since 1948 of an economic slowdown where there was no substantial decline in stock prices were in 1951-1952 and 1980 . A similar study conducted by Barro (1990) , using US data between 1927 and 1988, found that the stock market predicted eight of the nine periods generally designated as recessions.
Regression analysis by Fama (1981) showed that US stock returns were positively related to the subsequent rate of growth of real GNP. Fischer and Merton (1984) , using annual US data over the period , found that the stock market contributes substantially to the prediction of the growth rate of real GNP. Barro (1990) arrived at similar conclusions regarding US investment over several sample periods: 1891 -1914 , 1921 -1940 & 1948 -1987 . Geske and Roll (1983 , along with Fama (1990) and Schwert (1990) , also found strong relations between stock returns and real activity. Similar relationships have been identified in Canada (Barro, 1990, Cozier and Rahman, 1988) , Japan, Korea (Kwon and Shin, 1999) , Germany, and the United Kingdom (Mullins and Wadhwani, 1989) , the G-7 (Choi, 1999) and European countries (Wahlroos and Berglund, 1986 , and Wasserfallen, 1989 .
Despite the significant body of literature that asserts the importance of stock returns as an important predictor of future economic activity, there has been some evidence to the contrary. Barro (1990) reports that the stock market erred in predicting three recessions that did not occur 1963 , 1967 and 1978 . Stock and Watson (1990 show that the relationship between stock returns and economic growth has not been stable over time, and that the systematic predictive information of stock returns for future activity is also contained in other financial variables -such as yield spreads between 10 year and 3 month government bonds or between T-bills and commercial paper (Estrella and Hardouvelis 1991). Hu (1993) argues that the yield spread between long-term and short-term government bonds is a better predictor of future economic activity than stock market returns in the G-7 countries. Binswanger (2000) presents evidence that there has been a breakdown in the relation between stock returns and future real activity in the US economy since the early 1980s. Aylward and Glen (2000) conducted an analysis using annual average data on 23 markets: the G-7 countries, plus Australia and 15 emerging market countries over a sample period from 1951-1993. Estimation results were mixed, with only 6 countries having significant coefficients on lagged stock price variables when the OLS estimation technique was used. Using the SUR estimation technique, 12 of the 23 countries in the sample were found to have significant and positive coefficients on lagged stock price variables. Mauro (2000) conducted a similar analysis on a mix of 17 developed and 8 emerging countries. Results showed positive and significant relationships for 5 out of 8 emerging markets and 10 out of 17 advanced countries.
Panel estimation showed that lagged stock returns were significantly and positively associated with output growth in both advanced and emerging countries. This paper revisits the issue of whether stock prices have predictive power for changes in aggregate output. Unlike previous papers that have investigated the link between the stock market and output, we do not assume that the dynamics of this relationship are linear. Rather, we employ a non-linear model that allows the dynamics underlying the quarterly change in output to be affected by whether or not the economy is in recession. As our specification nests the usual linear regressions, the empirical validity of allowing for non-linear recession effects can easily be determined. Our analysis is based on a panel of quarterly data for 27 countries comprising both OECD and non-OECD Asian economies.
The paper proceeds as follows. Section II describes the model. The third section presents the data and empirical results. Section IV examines the results for two sub-panels containing G7 and South East Asian economies. Section V discusses results based on a switching regression. A brief summary and some concluding comments form the basis of the final section.
II. The Empirical Model
Given data on the level of GDP, Y , and stock prices, , at time t for country i, a natural starting point for an analysis of the relation between stock returns and output growth is the linear functional form, Symmetric response to shocks implies that only the size, and not the sign, of the output innovation is the important consideration in assessing the impact of a shock to growth. Thus positive and negative shocks to growth of equal absolute magnitude would have equal short and long run impacts on output growth. However, it is now widely recognised that the symmetry assumption may be tenuous, see Hamilton (1989), Bradley and Jansen (1997) , Beaudry and Koop (1993) , Jansen and Oh (1999) and Henry and Olekalns (2002) inter alia. Forecasts derived from (1) would be biased if the data were not fully consistent with the symmetry assumption (Beaudry & Koop, 1993) . Moreover, asymptotic inference based on a mis-specified model is likely to be misleading.
To relax the symmetry constraint, our paper employs the idea, first found in Beaudry and Koop (1993) , that the "current depth of recession" (hereafter CDR)
produces an asymmetry in output growth. This asymmetry is reflected in what is sometimes known as a "bounce-back" effect; namely that output growth recovers strongly following a recent recession. The CDR approach treats the historical maximum level of output as an attractor that influences the dynamics of output growth when output falls below its previous peak. Beaudry and Koop (1993) hypothesise that there is a non-linearity in this "peak reversion"; the further output falls from its peak, the greater is the pressure that builds up for output to return to its historical maximum.
As a result, the speed at which output recovers varies according to the severity of the recession. 1 Such effects have been neglected by the literature on the predictive ability of stock returns for output.
To represent this asymmetry, a CDR term is included in the estimated model.
The CDR is defined as the gap between the current level of output and the economy's historical maximum level. It is expressed as:
The CDR term will take non zero values either when output drops below its historical maximum due to a negative shock or in the aftermath of a positive shock as the economy begins to expand.
We use the CDR term to identify a possible asymmetry in quarterly output growth and to correct for any possible misspecification that may arise from the estimation of such linear models in the presence of asymmetry. The model we estimate is given by:
If the estimates of l 1 ,….l r , are significantly different from zero, the symmetry restriction can be rejected.
An important advantage of (3) is that tests of the null hypothesis of linearity can be performed using an F-test of the null hypothesis . This is in contrast to many other popular non-linear specifications. For example, Hansen (1999) and Kahn and Senhadji (2001) show that tests of the null of linearity in panel threshold models have non-standard distributions because the threshold is unidentified (2002) find strong evidence of a bounce back effect in US GDP growth. They argue that output volatility itself is subject to asymmetry, with contractionary periods tending to be more volatile than expansions of similar magnitude. This asymmetry in output volatility serves to offset the bounce-back effect and acts to dampen growth.
under the null of linearity. Other commonly used non-linear time series models such as the Markov switching and STAR models present similar difficulties.
III. Estimation Results
The Table 1 . Augmented Dickey Fuller and Phillips-Perron tests were carried out on all GDP and GDP growth series to test for the presence of unit roots. In all cases, the null hypothesis of a unit root could be not rejected at least at the 5% level for GDP.
However, upon differencing the GDP data were found to be stationary. Table 3 presents the results of the estimation of (3) for the entire sample. All coefficients that were insignificant at 10% or greater levels of confidence were eliminated from the regression. The estimated model was
The CDR and stock returns are jointly and marginally significant at all possible levels of significance and the regression appears reasonably well specified. the first lagged CDR term is significantly negative while the second lagged CDR term is significantly positive.
IV.b South East Asian Nations

V. A Switching Regression
We now allow for the possibility that the parameters on lagged output and stock returns are affected by whether or not the economy is in recession. This can be done by estimating the switching regression: and is significant at all usual levels (t-ratio = -3.19).
This implies that the implied growth rates differ across regimes since the estimated intercept terms differ in a significant fashion.
In the contractionary regime there is evidence that equity returns contain information that is useful in predicting growth. A Wald test for the exclusion of lagged stock returns from the contractionary regime was strongly rejected by the data (Wald = 15.4805, marginal significance level = 0.0004).
The autoregressive dynamics for growth appear to differ across regimes. In the low growth regime only the second AR lag of growth is significant, while in the high 
VI. Conclusions
This paper examines the nature of the relationship between stock returns and the quarterly growth rate of output. Our results suggest that the relationship is positive and significant but the magnitude of the effect is small. The implication of this finding is that stock returns contain information useful in forecasting output.
However our results also suggest that there is a significant non-linearity in growth rates. This asymmetry is reflected in what is sometimes known as a "bounceback" effect; namely that output growth recovers strongly following a recent recession. Failure to allow for this asymmetry in growth would lead to a misspecification of the relationship between growth and stock returns.
Re-estimation of the model for two sub-panels, consisting of the OCED nations and five South East Asian countries reveals a significant relationship between stock returns and growth. However, the depth of recession measure was strongly significant as a determinant of growth only for the former Asian tiger economies.
Using a switching panel regression there is evidence that stock returns contain information that is useful for predicting growth when the economy is contracting.
However, in non-recession periods there is no evidence that equity returns can be usefully employed to predict growth. 
